SUMMARY A retrospective study has been performed of all cases of gastric ulcer diagnosed or investigated within the Endoscopy Unit of the Department of Medicine, Bristol, over a three year period information regarding each examination undertaken. The cards are filed in temporal sequence. The hospital records were sought of all patients in whom gastric ulceration had been recorded as a finding at barium radiology or endoscopy. The barium studies were reviewed. A gastric ulcer was defined as a breach in the mucosa of the stomach greater than 2 mm in its smallest diameter, recorded at endoscopy or unequivocally shown on barium meal within three months of the period of study. Where possible confirmatory clinical evidence was sought in the hospital notes-for example, findings at operation. Two hundred and seventy eight patients fell within this definition. Follow-up information was solicited from the case histories and, where applicable, by direct inquiry to the medical attendant. In 265 cases reasonably complete clinical and follow-up information was available and these form the group reported.
SUMMARY A retrospective study has been performed of all cases of gastric ulcer diagnosed or investigated within the Endoscopy Unit of the Department of Medicine, Bristol, over a three year period . The average length of follow-up was two years. Two hundred and sixty five cases of gastric ulcer were studied of which 37 proved to be malignant (14%). Presenting complaints of anorexia, weight loss, nausea and/or vomiting, and multiple (>3) symptoms, were commoner in the malignant ulcer group. Ulcer site and the presence of coexisting duodenal ulceration were largely unhelpful in deciding the status of an ulcer. Malignant ulcers tended to be large (> 1 cm diameter). Radiology was highly unreliable in distinguishing benign from malignant ulcers. Visual inspection at endoscopy was more reliable, but associated with a tendency to over-diagnose malignancy. False positive biopsies were uncommon (two cases). Three cases of clinically unsuspected superficial gastric carcinoma were revealed. Repeated endoscopy and biopsy of all gastric ulcers until they are completely healed is advised.
This study was undertaken in the belief that the advent of flexible fibreoptic endoscopy has changed the way in which gastric ulcers should be investigated and managed, by permitting more accurate distinction of benign and malignant ulceration. Four questions were posed: (1) What Although the study was retrospective, during the period reported a specific investigation plan (see below) was recommended for all patients. One limitation was the difficulty of instituting such a plan when running a referral service.
Methods

SELECTION OF PATIENTS
The records were searched of all oesophago-gastroduodenoscopies performed within the Endoscopy Unit of the Department of Medicine, Bristol, during the period January 1974 to December 1976 inclusive, a total of 2265. This task was facilitated by a punch card system1 upon which is stored, in coded form, ' Kalamazoo Business Systems. Received for publication 27 July 1979 9 information regarding each examination undertaken. The cards are filed in temporal sequence. The hospital records were sought of all patients in whom gastric ulceration had been recorded as a finding at barium radiology or endoscopy. The barium studies were reviewed. A gastric ulcer was defined as a breach in the mucosa of the stomach greater than 2 mm in its smallest diameter, recorded at endoscopy or unequivocally shown on barium meal within three months of the period of study. Where possible confirmatory clinical evidence was sought in the hospital notes-for example, findings at operation. Two hundred and seventy eight patients fell within this definition. Follow-up information was solicited from the case histories and, where applicable, by direct inquiry to the medical attendant. In 265 cases reasonably complete clinical and follow-up information was available and these form the group reported.
BENIGN V. MALIGNANT GROUPS
Using all the information that was availableclinical, radiological, endoscopic, and histocytological-the cases were divided into benign and malignant ulcer groups. The mean period of followup was two years. In most cases the distinction was clear. Where available, the findings at microscopic examination of resected specimens was regarded as definitive.
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DATA RECORDED
The data which were recorded on all patients included sex, age at time of presentation (in patients with a past history of gastric ulceration, the age at referral during the period of study was taken), and the presenting symptom or symptoms. The location and diameter of each ulcer were recorded as accurately as possible (where multiple ulcers were present data on the largest were taken). Information regarding coexisting duodenal ulceration was sought. Relevant drugs and systemic diseases were noted. The reported findings at radiology, endoscopic inspection, biopsy, and cytology were recorded. 
RADIOLOGY
Results
Of the 265 cases reported, 37 were considered to represent malignant ulcers, an overall incidence of 14%.
In the benign ulcer group there was an equal sex incidence (118 males, 110 females). The malignant ulcers showed the anticipated male preponderance (29 males, eight females, P< 0.01).
The age range was similar for the two groups and is shown in Fig. 1 . In both the benign and malignant ulcer groups the commonest incidence was in the 65-70 years range. The mean age at presentation in the benign ulcer group was slightly younger (58&7 years) than the malignant ulcer group (62.9 years) but the difference was not statistically different. The presenting clinical features were analysed for the two groups and are shown in Fig. 2 . There were no significant differences between the two groups with respect to the two commonest presenting features. Thus 65 % of the malignant ulcers and 75 % of the benign ulcers presented with abdominal pain or dyspepsia, and the incidence of gastrointestinal bleeding or anaemia was 40% in both groups. The groups were discordant with respect to weight loss, anorexia, and nausea and/or vomiting. These symptoms were all commoner in the malignant ulcer group (51 % vs 19%, p< 0.0005; 30% vs 11 %, p< 0.005; and 41 % vs 20%, p< 0.005 respectively). postulated that exposure to known ulcerogenic agents, or the presence of diseases associated with gastric ulceration might be taken as evidence of benign disease. However, the numbers are small and no statistically valid conclusions can be drawn from this. The numbers ofupper gastrointestinal endoscopies and barium meal examinations are shown in Fig. 3 . As a consequence of the design of the study, the number ofendoscopies parallels closely the incidence of gastric ulcer. There was perhaps some tendency for the number of barium investigations to diminish during the period of study. From the investigations plan outlined above, it was anticipated that several endoscopies would be performed on each benign gastric ulcer to check healing. In the event, the average number of endoscopies per case was 1-42. This was because the Endoscopy Unit offers a referral service and its recommendations are not necessarily followed.
Ulcer site and size were studied. The distribution of ulcers within the stomach is illustrated in Fig. 4 available in every case, but, where possible, ulcers smaller in diameter than 1 cm were distinguished from those of 1 cm or more across. There was a statistically significant difference between the groups (P<0-001), ulcers 1 cm or more in diameter being more likely to be malignant. The data were examined for evidence of coexisting duodenal ulceration. Radiological and/or endoscopic evidence was sought of duodenal ulcer disease including a frank crater, duodenitis, or deformity of the bulb. One or more of these signs were present in association with both benign and malignant gastric ulceration in a high proportion of cases (Table 3) Visual inspection at endoscopy achieved better accuracy in diagnosing malignancy, as shown in Table 4 . Thus only one was thought to be benign, whereas 29 were correctly stated to be malignant, or probably so.
One patient, who had previously undergone vagotomy and pyloroplasty, was endoscoped in 1973 and no lesion was seen. One year later a very extensive carcinoma was found, easily recognisable at barium meal and endoscopy. It seems likely that a lesion was missed at the original endoscopy.
Biopsy was positive in two-thirds of the group (Table 4) .
Cytology was performed in only a minority of the cases (Table 4) (Fig. 5) . Endoscopy was performed with multiple biopsies reported to show no malignant cells. The patient was treated conservatively and subsequently discharged. Two years later he returned with clinical features of gastric outflow obstruction (Fig. 6 ). Endoscopy and biopsy on this occasion revealed a stenosing antral carcinoma. Review of the original biopsy material revealed signet ring cells thought in retrospect to be clearly neoplastic.
The treatment undertaken in the malignant ulcer group is shown in Table 5 . Fourteen cases were given either no therapy or symptomatic treatment only and have been placed in a 'palliative' category. In 23 some form of surgical resection was attempted. After an average follow-up of two years, only one patient in the 'palliative treatment' group was known to be alive (Table 6 ). Thirteen of the 23 cases in which radical resection was attempted were known to be dead. Five of these deaths were in the early (four weeks) postoperative period, which is to be expected in this group of elderly ill patients under- Results of biopsy of benign ulcers is shown in Table 7 . Two false positive results were obtained. One case was of a 69 year old man with a 10 year history of gastric ulceration. Barium meal and endoscopy showed a pre-pyloric ulcer with features suggestive of malignancy. Multiple biopsies were taken on three occasions, one of which was reported as containing adenocarcinoma. Cytology was consistently negative. At laparotomy the ulcer was thought to be benign. Biopsies were taken and a gastroenterostomy was performed. The operative specimens showed no evidence of malignancy and the patient has remained well on follow-up. Review of the endoscopic biopsy material revealed that the appearances had been misinterpreted.
The other case was that of a 72 year old man with lymphomatous involvement of the cardia and lower oesophagus. A gastric ulcer was present near the cardia and biopsies were said to show adenocarcinoma. At necropsy, six weeks after endoscopy, the gastric ulcer was benign, although there was widespread lymphomatosis elsewhere. There were seven cases in which biopsy of benign gastric ulcers showed intestinal metaplasia with cellular atypia suspicious of malignancy. Most were submitted to surgery, but examination of operative specimens and careful follow-up has shown no evidence of overt malignancy. Table 7 shows that brush cytology was performed in relatively few cases. There were no false positives. In two cases suspicious cells were seen, but there was no evidence of malignancy on operative specimen follow-up.
The treatments that were used are shown in Table 8 . The drug regimes reflect medical fashion during the period studied. Operation was usually performed when suspicion of malignancy was raised on any of the diagnostic modalities discussed. Mortality in the group is shown in Table 9 and represents 9% of the total. Discussion The findings will be considered in terms of the four questions posed at the beginning of the study.
INCIDENCE OF MALIGNANCY
The incidence of malignancy found in the present study (14%) is much higher than in other reported series. Thus Darragh Montgomery and Richardson (1975) followed-up a series of 210 apparently benign gastric ulcers for a mean period of 5*7 years and discovered a total of 1 1 cancers (5.0 %). Similarly the Veterans' Administration's study (Grossmann, 1971) of 638 apparently benign gastric ulcers over seven years revealed 25 malignancies (3.9%). Similar figures were given by Paustian et al. (1960) and Brown et al. (1961) . Our patients were selected in that they were all referred for endoscopy. They included cases in which a gastric ulcer had previously been demonstrated at barium meal, and others in which endoscopy was requested as the initial investigation. However, of the 37 cases of cancer discovered, in only eight was there a firm radiological diagnosis of malignancy, before endoscopy. Thus 29 cases (78 %) came to endoscopy as the prime investigation to establish malignancy.
The high malignancy rate (14%) is indicative of that likely to be found among the population of patients referred to an endoscopy clinic.
FEATURES INDICATIVE OF MALIGNANCY
The age of the patient is not helpful in deciding the status of a gastric ulcer. In this study there was a heavy male predominance in the malignant ulcer group which was not found with benign ulcers. Clinical features significantly more common in the malignant ulcer group were anorexia, weight loss, nausea and/or vomiting, and multiple symptoms. Grimes and Bell (1950) concluded that gastric malignancy could not be distinguished from benign ulceration on the basis of symptomatology. Other studies have shown a roughly equal frequency of epigastric pain, anorexia, weight loss, and bleeding in the two groups (Lampert et al., 1950; Gray and Ward, 1952) . The former series showed more frequent and more marked weight loss in the cancer patients.
The site of the ulcer within the stomach was found to be unhelpful in deciding its status, with the possible exception of lesions within the fundus, which were exclusively malignant (three cases). This is broadly in line with the extensive Veterans' Administration study (Sun and Stempien, 1971) which concluded that there was no relationship between the location of an ulcer and the likelihood of it being malignant. The same Veterans' Administration series showed (Wenger et al., 1971) , as does the present study, that malignant ulcers are likely to be large. The clinical value of this is limited, however, as, when faced with a large ulcer, the odds are still in favour of it being benign, all other things being equal, because malignant ulcers are relatively uncommon. It is widely held that the presence of coexisting duodenal ulceration reduces the chance that a gastric ulcer is malignant (Wilson et al., 1965; Rumball, 1971) . This study failed to show this association, in common with that of Smith et al. (1953) .
RELATIVE MERITS OF RADIOLOGY, ENDOSCOPY, BIOPSY, AND CYTOLOGY
The radiological signs of malignancy in gastric ulcers have been extensively reviewed (Gutman et al., 1939; Kirsh, 1971; Gabrielsson, 1972). Laing and Margulis (1974) claimed a 98% accuracy in distinguishing benign from gastric ulcers when certain recognised radiological signs were present. These authors stated that 'in most instances, radiographic distinction between a malignant ulcer and a benign ulcer is not difficult'. High degrees of accuracy have been claimed in studies of films reviewed 'blind' (Schulman and Simpkins, 1975) . However, in unselected retrospective studies of benign and malignant ulcers, the reported routine radiological accuracies have been rather poor (Myren et al., 1975) . Furthermore, as Nelson (1969) has pointed out, 'since most studies report that approximately 5% of gastric ulcers are malignant, our "accuracy" rate would be 95 % if we diagnosed all of them as benign'.
Lesions may be missed altogether at radiology. Normal barium meals have been reported in 11-14% of patients with proven benign gastric ulcer and in 4-12% of patients with gastric cancer (Klotz et al., 1954; Templeton, 1955; Comfort et al., 1957) . It seems likely that the double contrast barium meal permits more accurate distinction of benign and malignant gastric ulcers compared with single contrast techniques, but controlled trials are not available (Herlinger et al., 1977) .
A test of healing has been widely canvassed (Wolf and Mophat, 1957) , indicating that radiological evidence of resolution in response to medical treatment is proof of the benign nature of a gastric ulcer. This is no longer tenable in view of the work of Sakita et al. (1971) , showing that 71 % of malignant gastric ulcers undergo significant healing. They proposed a life cycle of ulceration, healing, and recurrent ulceration in association with malignancy.
Endoscopic inspection of gastric ulcers yields useful clues to diagnosis (Kidoko et al., 1963; Sakita, 1966 ). Gabrielsson's (1972) careful study of endoscopic signs showed eight which were helpful in distinguishing benign from malignant ulcers on visual inspection. All the above authors, however, emphasise that inspection is not entirely reliable and a tissue diagnosis is required. Thus Kobayashi et al. (1972) reported a series of 191 cases of superficial gastric carcinomas in which the initial diagnosis on endoscopic inspection was a benign ulcer in 35 (18.3%) and of a benign lesion or inconclusive in 56 (29.4%). Histological and cytological diagnosis can be made with a high degree of accuracy, the two techniques being complementary to one another (Witte, 1970) . Thus Kasugai (1970) claimed an accuracy in diagnosing early gastric cancer of 95 % by gastric cytology, 96 % by gastric biopsy and 97.90% by a combination of endoscopic techniques.
Biopsy accuracy depends upon the number of biopsies performed (Kasugai and Kobayashi, 1974) with six biopsies being taken from the inside edge of the ulcer and from the ulcer base (Classen and Roesch, 1974) .
The present study showed that there was perhaps some tendency locally for the number of barium meals requested to diminish over the period of study, in this particular diagnostic group. There was a disinclination for a firm radiological opinion to be given as to the status of any gastric ulcer demonstrated. Where an opinion was given as to the status of a demonstrated ulcer diagnostic accuracy was poor (40 % false positive rate, 27 % false negative rate). The barium examinations were performed by many radiologists with varying experience and the (Serial Mortality Tables, 1976) . The prognosis in gastric carcinoma is poor and there is little evidence that it has improved over the years (Brookes et al., 1965) . It is of interest in the present context that ulcer cancer has a better prognosis than gastric carcinoma in general (Olsson and Endresen, 1956; Runyeon and Hoerr, 1957) .
Occasional cases of superficial gastric cancer have been reported in the past (Schade, 1958) but they did not arouse much clinical interest until Japanese workers reported large series of mucosal cancer detected by mass radiological or endoscopic screening (Kurokawa et al., 1967; Kawai, 1971) . Surgical treatment of such patients results in a five year survival rate of 90% (Masuda, 1970) . Increasingly, such cases are being diagnosed outside Japan (Ashby, 1974; Rosch and Thoma, 1974; Machado et al., 1976 . Vilardell (1975 noted that 1195 superficial gastric cancers had been described in Europe over a five year period.
At least three clinical approaches to the diagnosis of superficial gastric carcinoma exist.
1. Screening of non-symptomatic patients. This is possible in Japan with an incidence approaching 1 in 2500 of the population but is not feasible in Europe and North America. 2. Patients with non-ulcer dyspepsia. The view that superficial carcinoma is asymptomatic is incorrect (Kawashiwa, 1966; Kurokawa et al., 1967; Rosch and Thorma, 1974) . The relationship between dyspeptic symptoms, chronic atrophic gastritis, and superficial gastric carcinoma deserves further study.
3. Patients with gastric ulcer. The present study indicates that a fairly aggressive policy of investigation towards gastric ulcer will yield cases of superficial gastric cancer in about 1 % of such patients. This is a fairly low incidence but these patients have an excellent prognosis after surgery and justify a policy of repeated endoscopy and biopsy until healing is complete in all gastric ulcers.
